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SUMMARY AND RECOMMENDATIONS 

Three aspects of water quality were considered using routine 
monitoring data collected In the Trent River basin over the 
period 1Q67-1C)7^: 

1^ spatial variations in the concentrations of 12 water 

quality parameters at ?7 stations were investigated using 
analysis of variance CANOVA). For ease of discussion, 
the stations were grouped on the basis of similarity of 
means. The resulting groups of stations ranged in number 
from a low of two for pH, to a high of nine gf'oups for 
total solids; 

2) general water quality conditions were assessed by 

comparing existing data frcan a recent three-year pei-iod 
( 1971-76 ■> to MOE water quality criteria for three basic 
water uses: total body contact recreation, public 
surface water supply, and protection of fish and other 
aquatic life and wildlife. Generallv speaking, water 
qualttv is good with the exception of a few localized 
areas. Total phosphorus concentrations however, although 
low compared to swne other basins, are high enough in 
some locations to contribute to the occurrence of 
nuisance aquatic growths; 

2. temporal variation for five parameters ftotal phosphorus, 
filtered reactive phosohate, total nitrogen, BOD_ , and 
conductivity") were examined using a weighted moving mean 
technique at locations where it was thought that time 
trend's might occur. Although tren-^s were found to exist 
at certain locations, the only consistent trend appeared 
to be in the reduction of filtered reactive phosphate 
concentrations. 



Although the existing water quality network appears adequate 
for the analysis of spatial variability of specific water 
quality parameters and for comparing concentrations to 
criteria for specific uses, it is apparent that the data are 
not complete enough to properly assess trends in time. 
However, regardless of whether or not the completeness of data 
improve in the future, attention will continue to be focused 
on improved techniques for the evaluation of trends in an 
effort to extract more analysed information from the data that 
do exist. 

As a result of the analyses carried out for the Trent River 
basin, the following points became obvious and should help in 
obtaining better data for future trend analyses: 

1. when a station is to be moved or replaced, a comtnon 
period of operation for the old and new stations should 
be maintained to assess the effects of the change on 
water quality (if any^i ; 

2. sampling methods throughout a network should be as 
consistent as possible and an attempt should be made to 
sample at a specific station at the same time of day 
whenever possible to minimize the effects of diurnal 
fluctuations; 

3. a minimum frequency of one sample per month should be 
maintained; 

U. if data at a station are to be used to assess the effects 
of point waste discharges, the station should be located 
far enough downstream to ensure adequate mixing of the 
effluent plume with the river water. 



INTRODUCTION 

PURPOSE AND SCOPE 

The purpose of this report is to provide a general overview of 
water quality wiWiin the Trent River basin derived from 
historic data collected at routine water quality nionitoring 
stations. 

The overview is presented in three aspects: 

1. spatial variation (areal variability of constituents in 
the basing ; 

2. general conditions fa comparison of ambient 
concentrations with MOE water quality criteria for three 
uses) ; 

'^. temporal variations (a relative comparison of quality in 
timel. 

This report does not include an assessment of radiological 
parameters. 

SAMPLING SITES AND DATA AVAILABILITY 

A routine water quality monitoring program within the MOE 
serves as a vehicle to obtain and maintain an adequate record 
of ambient water quality throughout the Province. However, 
within this basic fraunework, there has always been the 
necessity to generate information in support of various 
projects. As a result, station locations and periods of 
operation sometimes reflect conflicting requirements expressed 
by various interest groups. This has resulted in a compromise 
of optimum station locations and sampling frequencies. All 
the stations for which data have been collected in the basin 
prior to August 1, 1976 are shown on the Index Map. 
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stations still active as of the above date are Identified with 
a solid circle. Stations for wfiich data were previously 
collected but which were discontinued at some time prior to 
this date are identified with an open circle. Some additional 
stations were established after July 1976 but these are not 
shown on the map. 

A list and description of all the stations on the Index Map, 
complete with perio'^s of record, are shown in Table 1. An 1 1 
digit station identification code appears with each 
description. Since all stations are within the Trent River 
basin, the first six digits are the same and are not referred 
to in the remainder of the report. The seventh digit is zero 
in all cases and also is not shown. The last two digits are 
identical for all stations except two, where the number 
eighty-three indicates that three-part composite samples are 
taken. The last two digits are referred to only for those two 
stations. Therefore, the station numbers indicated on the 
Index Map and used throughout the report refer to the 8th and 
9th digits shown under "Station ID Code" in Table 1. 



TABLE 1 MONITORING STATIONS IN THE TRENT RIVER BASIN PRIOR TO AUGUST 1976 
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DESCRIPTION OF STATION LOCATION 



Trent R. at Bridge on Highway No. 2 — 

Trent R. at Dam. Town of Campbell ford ■ 

Crowe R. at Highway No. 7 

Trent R. at High-Lo Cottages Dock 



Trent R. at Dent's Cottages Dock 

Indian R. at First Rd. south of Keene 

Ouse R. at Highway 45 

Otonabec R. Bensforth Bridge, south of Peterborough 

Indian R. downstream of Warsaw 

Baxter Cr. below dam Concession 5 

Otonabee R. 
Otonabee R. 



at Highway 7, left side 

at Highway 7, (three part composite) 



Otonabee R. at Highway 7, right side 

Otonabee R. at road to Nassau Mills 

at second road north of Highway 26 
below dam at Lakefield 



Jacksons Ck 
Otonabee R. 

Clear L. outlet Highway 28 Young's Point 

Lovesick L. outlet at Highway 28, Burleigh Falls 
Buckhorn L. outlet at Highway 507, Buckhorn 
Hississagua R. at Mississagua Rd. , Tvp. of Harvey 

Catchacoma Lake at Beaver Lake Road 

Sturgeon L. outlet at Highway 36, Bobcaygeon 

Beaver L. outlet at lake outlet in Twp. of Cavendish 

Cameron L. outlet, Highway 35, Fenelon Falls 

Gull R. at Church St., Coboconk 

Cull R. at Highway 35, Coboconk 

Salerno L. inlet at White Lake Dam on White L. Rd. 
Sfllerno L. outlet at Salerno Dam, Irondate 

Burnt R. tributary at Howland Road 

Burnt R. tributary at bridge off Howland Road 
Cavan Ck . , firat concession north of Fraserville 
Otonabee R. at Government Dock, Lakefield 
Gull Lake outlet at Highway 35, Moore Falls 
Drag R. at Highway 519, 12 miles SW of Haliburton 

Gull River at Highway 35, Minden 

Twelve Mile Lake outlet at Hwy. 35 

Gull River at Highway 35, North of Carnarvon 
Head Lake outlet at Hwy. 121, Haliburton 
Jacksons Ck. at Dalhousie St., Peterborough 
Scugog R. at dock, outlet of Scugog Lake 

Nonquon R. at County Rd. 2, Seagrave 

Scugog R. downstream from Lindaay lagoons 

Scugog R. at Highway 7B, Lindsay 

Gull R. , 1.3 miles downstream from Hinden 

Gull R. at Highway 35, one mile upstream from Hinden 

Trent R, at Hwy. 401 Bridge near Trenton 

Cold Ck. at Hwy. 33 bridge in Frankford 

Raudon Ck. at Hwy. 33, one mile south of Stirling 

Crowe R. at Crowe Bridge near Healey Falls 

Ouse R. at County Road 2 near Birdsall Station 

Eels Ck. Stoneybridge Rd., 4 miles west of Stoneybridge 

Jack Ck. bridge at Stoneyridge 

Mississauga R. at Hwy. 36, one mile north of Buckhorn 

Nogies Ck., 1.7 miles upstream from Hwy. 36 

Balsam L. outlet at Rosedale Dam 

Burnt R. one mile east of Fell 



Pigeon River at Highway 7, Onemee 

Trent River at Healey Falls Dam 

Farrel Ck. at Dyno Rd. downstream from mine tailings 
Paudash L. inlet bay near mouth of Deer Creek 
Deer Ck. downstream from Bicroft mine tailings 
Centre L. outlet at Hwy. 121, 4 miles west of Cardiff 
Bow L. outlet at Hwy. 2B, eight miles SW of Bancroft 
Eentley Ck., downstream from Faraday tailings 
Bentley Ck., upstream from Faraday tailings 

Otonabee R. at Lock 25, Lakefield 

Ouse R. , 1st concession downstream from Norwood 
Trent R. at Bridge St. bridge, Hastings 
Trent R. at new Highway 2 bridge, Trenton 
Baxter Ck . , 1.5 miles downstream from Millbrook 
Salt Ck., at concession east of Hwy, 30 
Plato Ck., at Hwy. 7, one mile east of Havelock 
Pigeon R., Fee Landing, three miles north of Omemee 
Burnt R, at first bridge, four miles south of Kinmount 

Gull R, at Hwy, 503 bridge. Norland 

Ouse R. at Highway 7, Norwood 

Tributary to Ouse River at dam of tributary pond 




*5tation used in comparison with water quality criteria. 
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SPATIAL VARIATIONS 

METHOD OF ANALYSIS 

Analysis of variance is a well-known, useful, statistical 
technique for determining the similarity of means vrhen two or 
more groups (stations! of data are involved. In the present 
study this statistical technique, also known as ANOVA , was 
utilized in the analysis (Neville and Kennedy, 196'<). Each 
parameter was treated individually using a program (one-way 
ANOVA with unequal sample sizes) developed for the 
Hewlett-Packard ^8?'^ desk- top calculator. Sample sizes varied 
from station to station for each parameter. Individual 
stations considered to have unacceptably small sample sizes 
relative to the majority of stations within each parameter 
matrix were not uped in these analyses. 

For each parameter set, basic statistics (skew, kurtosls, 
chi-square) were first compared for both raw and 
log- trans formed data. ANOVA was then applied to either the 
raw or transformed data, depending on which best approximated 
a Gaussian distribution. All subsequent decisions on variance 
were made at the 9*^* confidence level. 

A manual, iterative approach was taken in which successive 
applications of ANOVA were made to each parameter set. In 
each case, the initial application involved all stations for a 
given parameter. The process was repeated sequentially, 
eliminating the station with the highest mean at each step 
until one group remained for which the means were 
homogeneous. The whole procedure was then repeated for all 
stations previously rejected and the process continued until 
every station had been placed in a gi^oup. 



Data were utilized for the three-year period 197^-76 for the 
following parameters: chlorides, biochemical oxygen demand 
(BOD >, total phosphorus, nitrate, KJeldahl nitrogen, total 
conform, fecal coliform, and enterococci. This period vras 
considered to provide a sample size sufficient to produce 
meaningful results and also represent recent conditions within 
the basin. 

A number of additional parameters were of interest but a 
paucity of data for the three-year period prevented their 
analysis. Sufficient coverage was available during 19^^-71, 
however, and this period was used to consider pH. alkalinity, 
hardness, and total solids. This time segment la more remote 
from the present than desirable. In the majority of cases 
though, changes for these parameters in the intervening period 
were not expected to affect the general spatial configuration. 

DIS CUSSION OF RESULTS 

The results for each individual water quality parameter appear 
in figure's 1 to 12 and are generally self-explanatory. All 
concentrations are mean values Cgeometric or arithmetici for 
the period considered. Station numbers Indicated in brackets 
following the concentrations, refer to stations exhibiting 
maximum and minimum concentration means within each group. A 
blank circle on the map indicates a station excluded from 
analysis; a color-coded circle appears for each station which 
was included. 

It should be noted that the values represent conditions only 
in the Immediate vicinity of the specific sample location. 
Any attempts to estimate conditions in other areas or to deal 
with site specific cause-effect relationships, were considered 
beyond the scope of the present report. 



Two factors combine to produce a gradual increase in the 
concentrations of many parameters In the downstream direction 
of the main stem (e.g. figures 1,2,3,5,6,10,11,12). The first 
factor, a regional one, relates to the two major geologic 
areas within the basin, the Precanibrian Shield and the area of 
Pleistocene deposits undef'lain by carbonate bedrock to the 
south (Index Map"). These two areas exhibit markedly different 
concentrations for a number of water quality parameters, with 
those in the Pleistocene area being generally higher. The 
second factor is anthropogenic and is related to urban and 
agricultural land development in the southern parts of the 
basin. The cumulative net effects of waste inputs related to 
these developments increases in the downstream direction, 
Increasing the concentrations of many parameters. 

Some overall station groupings (other than the groupings for 
individual parameters shown in figures 1-12) resulting from an 
aggregation of the individual parameter results was 
desirable. From a subjective comparison of the results 
discussed above, it was observed that some stations generally 
grouped together for most or all of the parameters. Stations 
in a particular group were often, but not always, in a similar 
geographic location. Where a station might have been placed 
with equal certainty in one of several different groups, 
geographic location was used to influence placement. The 
general groupings are discussed below. Stations are listed in 
numerical order within each group. 

Stations: 32, 33, 35, 36, 37. ^3. 4t) 

All these stations are located on the Gull and Burnt rivers 
and a-^e in the upper part of the basin within the Precsunbrian 
shield area. 
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s tations; 23, 5^4, 75, 76 

These stations are situated on the Gull and Burnt rivers to 
the south of those previously mentioned and on the main 
channel upstream from Sturgeon Lake where the major portion of 
the water still originates from Precarabrian Shield drainage. 

Stations; ?3, 52 

These stations are in the Precarabrian Shield area near the 
outlets of the Gull and Mississagua rivers. 

Stations: 13, 16. 17. 18, 21. fiS 

This group consists entirely of main channel stations 
downstream from Fenelon Falls but upstream from Peterborough. 
The concentrations within this group are moderate. These 
stations are in a transition zone in which the proportion of 
water originating from the Pleistocene area increases as one 
moves downstream. They are downstream from Lindsay and the 
lower quality input of the Scugog River. 

Stations: 6, 8 

These stations are both located south of Peterborough. 
Station 6 is above the mouth of the Indian River at Rice Lake, 
and station 8 is on the Otonabee River downstream from the 
City of Peterborough, 



Stations : U2, 67 



Station H2 is located on the Scugog River in the Town of 
Lindsay. It is upstream from the Lindsay Water Pollution 
Control Plant but downstream from Lake Scugog. Station f>7 is 
on the Trent River in the Village of Hastings immediately 
downstream from Rice Lake. Both lakes are ringed with 
cottages and surrounded by farmland. 
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stations: H, 5 



Samples from these stations are taken from opposite shores of 
the Trent River within the Village of Hastings. They have 
consistently similar concentrations. 

Stations: 2, 15, 68 

Going dovmstream, these stations are all on the Trent River 
below the confluence of a major tributary, the Crowe River. 

Stations: 66, 69 

Both these stations are on small tributary streams in the 
Pleistocene area. Each Is downstream from a small coramLinity. 
Station 66 is on the Ouse River downstream from Ncwood and 
Station 69 is on Baxter Creek downstream from the Village of 
Millbrook. 

Stations; 3, 7^*, 79 

These three are all tributary stations. Station 3 is on the 
Crowe River at Highway 7, Station 7>i is on the Pigeon River 
just upstream from its entry into Pigeon Lake, and Station 79 
is located on the Ouse River at Norwood. 

Stations 11, 30, ^6, ^^7 

With the exception of station 11, which is on the Otonabee 
River in the City of Peterborough, these stations are all on 
tributaries draining mainly farmland with small rural 
conmunities in the Pleistocene area. Concentrations a^-e 
moderately high. 

Certain stations did not consistently group with other 
stations. These stations are listed in Table 2 with comments 
concerning their locations and water quality. 



12 



TABLE ?. WATER QUALITY AT SCME INDIVIDUAL STATIONS 



Station 



Remarks 



38 , Jaoksons Ck 



Tributary station, in the City of 
Peterborough; consistently high 
concentrations. 



40, Nonquon R. 



Tributary station, downstream from Port 
Pei^ry sewage treatment plant; fairly 
high concentrations. 



^ 1 , scugog R . 



Tributary station, downstream from the 
Town of Lindsay sewage treatment plant; 
high concentrations. 



57, Trent R. 



Main channel, upstream from confluence 
with Crowe River; moderate 
concentrations. 



71, Salt Ck. 



Tributary station, Pleistocene area; 
fairly high concentrations. 



7?, Plato Ck. 



Tributary station, downstream from 
Village of Havelock sewage treatment 
p]ant; moderate concentrations. 



80, Ouse R. Tributary Downstream from old landfill and site 

of former highway patrol yard; fairly 
high concentrations. 
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COMPARISONS TO WATER QUALITY CRITERIA 

ME THOD OF ANAL YSIS 

Comparisons were made of individual conoentration values fiP74 
to 1976) for certain water quality parameters to permissible 
criteria selected from three basic water uses: total body 
contact recreation, public surface water supply, and 
protection of fish, other aquatic life and wildlife. 

For reasons of adequate sample size and geographic coverage, 
comparisons in each case were limited to parameters shown in 
Table 3 and to the stations asterisked in Table 1. Two 
additional parameters of BOD and total phosphorus, were 
each compared to selected reference levels (Table ^). The 
values used for these reference levels were based on the 
following rationale. A BOD concentration of U mg/1 is well 
?ibove what might be considered a natural level and is high 
enough in certain cases to create depressed oxvgen levels. If 
other factors are favourable, a total phosphorus level of 0,01 
mg/1, in a softer water condition such as occurs In the 
Precambrian Shield, or 0.01^ mg/1 in a harder water situation 
such as an area underlain by limestone, can contribute to 
nuisance aquatic growths (pers. coram., P. Dillon^ 

Data were extracted from the MOE Sample Information System 
(SIS'^ and stored on a reformated magnetic tape. Analyses were 
performed with the PLUARG Version Summary Program. This 
program, developed in the Hydrology and Monitoring Section, 
includes a subroutine which allows comparison of data to water 
quality criteria on a limited scale. The percentage of total 
sample results exceeding each criterion were then tabulated by 
station for each water use. For clarity, main stream stations 
and tributary stsitions have been shown on separate figures. 
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TABLE 3. MOE PERMISSIBLE CRITERIA FOR THREE WATER USES 

WATER USE 





Total Body Contact 


Public Surface 


Protection of Fish 




Recreation 




Wate** Supply 


Other Aquatic Life 


Total Coliform 


1000 MF/100 


ml 


5000 MF/100 


ml 


. 


Fecal Coliform 


100 MF/100 


ml 


500 MF/100 


ml 


- 


Enterococcl 


20 MF/100 


ml 


50 MF/100 


ml 


- 


Water Tempera tiire 


B'^°F 




85°F 




- 


Filtered Ammonia 


- 




0.5 mg/1 




- 


NUrite + Nitrate 


- 




10 mg/1 




- 


Chloride 


- 




250 mg/1 




- 












Warm Water 


Cold Water 




, 




,^^ 




Biota 


Biota 


Dissolved Oxygen 


5 mg/1 


7 mg/1 


Turbidity 










50 FTU 


10 FTU 












fJTUI 


(JTU) 



TABLE a. REFERENCE LEVELS FOR BOD^ AND TOTAL PHOSPHORUS 



BODt; 




14 mg/1 




Total 


Soft Water 


Hard Water 


Phosphorus 


0.01 mg/1 




0.015 mg/.l 



TABLE 5. GENERAL WATER QUALITY CLASSIFICATION CRITERIA 



(Classification'^ 



I 





Good 



1 

20 



Fair 



Poor 



Very Poor 



Severe 



m 



60 



80 



100 



Percent of Observed Concentrations Exceeding Criteria or 

Reference Levels 
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The figures are arranged in pairs, with a map followed in each 
case by a horizontal bar chart. The basic information 
presented on each pair is the same. However, geographic 
location is emphasized on the map, whereas the bar chart 
facilitates a relative comparison of sample percentages above 
and below criteria levels. The results are presented in 
figures 13 to ?0a. 

DISCUSSION OF RESULTS 

Although each of the three mentioned water uses occur 
throughout the basin, no attempt was made to identify the 
actual water usefs) at or near each water quality sampling 
site. 

All comments are made on the assumption that the comparison of 
ambient concentrations to the permissible criteria for the 
three water uses indicates general water quality in the 
stream. This is reflected in the general classification 
criteria shown in Table 5. The classification criteria apply 
to all parameters examined, with the exception of total 
coliforms, fecal coliforms and enterococci. For the 
microbiological parameters, water quality was considered good 
in cases where less than 50$ of the individual sample results 
exceeded criteria levels. 

It is recognized that the available data fone sample per 
month, igy'^-TB'* for the three bacteriological parameters do 
not ccanply with the sampling frequencies required for a 
rigorous consideration of suitability for total body contact 
recreation and public water supplies , Nevertheless, it is 



Total borV contact recreation requires use of a geometric 
mean calculated from 10 samples per month (including 
weekends) and public surface water supply a monthly 
gecxnetric mean derived from raw water samples collected 
at a minimum of one per week. 
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probable that if sufficient data were available to comply with 
the requirements, the criteria would likely be exceeded at 
locations where greater than 50$ of the individual sample 
concentrations presently exceed criteria levels. 

Total Body Contact Recreation 

Generally, water quality Is good to excellent with the 
exception of a few isolated situations confined to smaller 
tributaries or in one case downstream from a major waste 
input. Specific instances are discussed as follows. 

Tempera tjre values do not exceed the MOE body contact 
recreation criterion at any location. 

Geometric mean levels of all three, total coliform, fecal 
coliform and enterococcl exceed criteria at only two 
locations, one on the Otonabee River at Bensforth Bridge, 8 
miles downstream from Peterborough, and the other on Jacksons 
Creek at Dalhousie Street in Peterborough. The highest mean 
levels of total coliform (2190), fecal coliform (1404) and 
enterococcus (50) organisms were measured at Benforth Bridge, 

Mean enterococcl levels in the basin were found on occasion at 
or above the criterion level of 20 organisms per 100 ml. 
However, these stations are confined mainly to smaller 
tributaries. 

Public Surface Water Supply 

Watet- quality for public surface water supply is generally 
good to excellent in the whole basin. 

Water temperature values are all below the criterion level. 



17 



Geometric mean levels of total coliform, fecal collform and 
enterococci are within permissible criteria for all stations, 
with the exception of two locations. Jacksons Creek at 
Dalhousie Street, PeterborouEfh, and Salt Creek at Concession 
Road East of Highway "^0, exhibit mean enterococcus levels of 
115 and 7^ organisms per 100 ml, respectively. 

Filtered ammonia concentrations are below the permissible 
critei^ion at most stations. An exception is station Ml on the 
Scugog River, downstream from Lindsay lagoons, where 36 
percent of the samples exceed the crite'^ion level. Also, 
there are a few isolated cases where a small percentage of 
samples are in excess of the criterion level; however, these 
were all less than 5 percent. 

All nitrate + nitrite and chloride sample results were below 
criteria levels for public water supplies . 

Protection of Fish and Other Aquatic Life 

Water quality is generally good for this water use. All 
dissolved oxygen concentrations for warm water b^'ota are 
above the permissible criterion of 5 mg/1. 



Available dissolved oxygen data at stations 6, 8, 11, 1?, 

^0, ^8, fiS, 66, 67. 6a, 79, and 80 are believed to be 

biased high. Although the exact magnitude is 

undetermined, the discrepancy is not considered 

sufficient to significantly effect the percentages 
presented. 
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There are a number of stattons in the basin Whefe individual 
result-.s for dl-ssolved oxygen fall below the permiasible 
criterion of 7 mg/1 for cold water biota ; however; 
exceedances ar^e fairly low, ranging between 3-l6 percent of 
the samples taken at any station. 



None of the turbidity values exceeded the permissible 
criterion of 50 units for warm water biota . The criterion 
level of 10 units for cold water biota is exceeded at 8 
stations throughout the basin. The frequencies of exceedence 
af^e all less than M%. 



Percentage of Samples Above Reference Levels for BOD 
and Total Phosphorus 

BOD concentrations are generally below the reference level 
throughout the basin, with the exception of a number of 
stations for which exceedences are fairly small, ranging 
between 3 and 1711. The only station where a considerable 
exceedance occurs is at station ^11 on the Scugog River 
downstream from Lindsay lagoons where 27 percent of the 
samples exceed the reference level. 



Available dissolved oxygen data at stations 6, 8, 11, 13, 
30, 38, 65, 66, 67, 6q, 79, and 80 are believed to be 
biased high. Although the exact magnitude is 
undetermined, the discrepancy is not considered 
sufficient to significantly effect the percentages 
presented. 

Although the criteria are based upon Jackson Turbidity 
Units (MOE 1970\ the Ministry laboratories have been 
reporting in Formazin Turbidity Units since January 1, 
1973. Although the two are not comparable at lower 
levels, results should not differ greatly at levels 
greater than 10 units ''pers. coram., D. King\ 



Only nine stations fit into the category for which the 0.010 
mg/1 reference level for total phosphorus is used. For these 
stations (identified in Figure ?0), exceedences are generally 
low to moderate. For all other stations within the basin, the 
0.015 reference level Is used (see figures 19 and 20). 
Generally speaking, all these stations have a high frequency 
of exceedence with the exception of stations O;^, ^?, 'iU, and 
23 where the exceedences are less than SO percent. 
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TEMPORAL TRENDS 

ME THOD OF ANALYSIS 

Temporal changes in water quality can result from a number of 
factors, including: ^^ natural variability, 2) influence of 
historic variations in lab precision and changes in 
procedures, 3) effects resulting from changes in waste 
treatment, U) changes brought about by the restricted use of 
certain materials, i.e., phosphorus in detergents. 
Perceptions of the latter two are in many cases hindered by 
the effects of the first two. A suitable period of consistent 
record is necessary and such is often not available from 
historic data. Stations have in some cases been relocated or 
replaced by other stations in slightly different positions, 
without a sufficient common period of record for comparison. 
An additional complication has been created by the sporadic 
frequency with which certain parameters have been analysed. 
In other situations, waste treatment modifications have been 
so recent that post-treatment i^ecords are too brief to 
conclusively identify changes. 

The approach taken herein has therefore been primarily one of 
the detection of overall long-term trends. Initially, scatter 
plots of concentrations vs. time were drawn and linear 
regressions were used to approximate lines of best fit (Hie 
and others, 1975). The results obtained for 46 stations and 
10 parameters were generally non-conclusive at the 95% 
confidence level for the correlation coefficient and t-test 
for significance of slope. As a result, subsequent analyses 
were restricted to five parameters of Interest for which 
reasonable periods of consistent data existed (total 
phosphorus, filtered reactive phosphate, total nitrogen, 
BOD conductivity). 
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stations wer^e selected at representative locations in the 
basin and in the vicinity of water pollution control plants 
where changes might be expected In water quality as a result 
of improved treatment. The station selections were hampered 
by the historic relocation of stations on the Trent River at 
Hastings (U, 5, 67) and at Trenton (1 and 68). 

The application of a "low pass filter" or smoothing function 
was made to the data (Davis, 1973'). This is effectively a 
weighted moving average with maximum weighting given to the 
central term, thus tending to minimize high frequency or 
short-tenn variations. 

A computer program (SKFILTEIRI developed within the Hydrology 
and Monitoring Section was used for the analyses (Appendix 
A). A 21 -term option was chosen as the preferred version of 
this program, which was thought to be most indicative of any 
overall, persistent trends. The large number of terms tends 
to minimize the effect of any short periods for which 
non-representative data might occur. The method gives a 
conservative indication of trends, i.e., some trends may exist 
which remain undetected or unconfirmed, but those identified 
should be valid. 

Following initial application of the technique, potentially 
erroneous values were identified and checked for validity. 
Bonafide erroneous values were subsequently rejected and the 
analyses were recalculated for the data sets affected. 

Graphic and tabular results were obtained for the parameters 
mentioned earlier and for the stations listed in Table 5. 
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TABLE 6: TEMPORAL VARIATIONS AT 17 STATIONS IN THE BASIN 



Station 


Period 

Considered 


Total 
Phosphorus 


Filtered 
Reactive 
Phosphate 


Total 
Nitrogen 


BODs 


Conductivity 
















1, 68 


(67-71,72-76) 


T 


f 


Y 


Y 


Y 


2 


(67-76) 


? 


T 


Y 


Y 


Y 


3« 


(67-76) 


^ 


T 


Y 


► 


Y 


5,67 


(67-71,73-76) 


► 


r 


>. 


Y 


► 


8 


(67-76) 


r 


¥ 


^ 


^ 


^ 


13 


(67-76) 


T 


f 


► 


Y 


». 


16 


(70-76) 


► 


► 


► 


». 


k 


21 


(67-76) 


^ 


r 


^ 


». 


^ 


25* 


(67-76) 


». 


». 


^ 


► 


i 


38» 


(69-76) 


► 


>. 


^ 


Y 


». 


40» 


(67-76) 


► 


>. 


^ 


». 


► 


^^* 


(71-76) 


^ 


T 


^ 


^ 


► 


M2« 


(71-76) 


>- 


► 


^ 


► 


^ 


m» 


(71-76) 


>- 


>- 


► 


► 


>- 


66» 


(73-76) 


A 


A 


A 


^ 


Y 


72* 


(73-76) 


>. 


► 


>. 


► 


>- 


7»t» 


(73-76) 




^ 


► 


► 


► 



•Tributary Stream 
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A graphic display of the results of the technique is presented 
for reference in (figures ,?1 to U9 ) . The plotting position of 
each individual weighted mean value is the sample date of the 
tenth term (of the 21 termsK Resolution of this position on 
the graphical output is limited to a monthly interval. For 
the majority of graphs i"hese positions are labelled by month 
and year, e.g.. May 1973. Decimal places appearing in the 
labelling and in the tabular output have been retained as a 
matter of convenience and are not intended to imply accuracy 
greater than that justified by standard lab procedures. 

The graphs are restricted to those stations and parameters for 
which it is reasonably certain that an apparent trend exists. 
It should be noted that the term "trend" refers to an 
impression of each graph's overall directional tendencies for 
the period considered. 

DISCUSSION OF RESULTS 

Temporal variations at 17 stations In the basin are indicated 
in Table 6. Apparent trends are indicated by either an upward 
or downward vertical arrow, and where the data were either 
insufficient to determine a trend, or where concentrations 
appear unchanged, a horizontal arrow appears. 

A downward trend in total phosphorus was expected as a result 
of Provincial efforts toward its reduction. In general, this 
does not appear to be the case as only four of the 17 stations 
exhibit a downward trend in total phosphorus. Most indicate 
no upward or downward trend. However, filtered reactive 
phosphate (FRP) does appear to consistently exhibit a downward 
trend. The greatest change in FRP concentration seems to have 
occurred between 1970 and 1972, which compares favourably with 
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remedial measures involving detergent reformulation (Archer, 
1976^1. Althotigh a downward trend for this parameter is 
indicated at eight stations, evidence fnot shown In this 
reports suggests that a similar trend prevails at numerous 
other sampling locations in the basin. At station ?, which is 
one of the eight stations, the other four parameters also show 
reductions. Prior to 1971 , this station was affected by both 
industrial waste discharges and domestic sewage. In 1971, 
sewage treatment facilities were constructed and these 
discharges were eliminated. The treated effluent was 
subsequently discharged at a point downstream from Station 2. 

For total nitrogen, a conservative constituent, no distinct 
overall change is apparent, although for three stations shown 
in Table 6, concentrations appear to have diminished. An 
exception is station 66 v^lch is downstream from the Village 
of Norvjood on the Ouse River. Total nitrogen, as well as 
total phosphorus and filtered reactive phosphate, appear to 
have increased steadily at this location since the end of 
1974. This coincides with the construction of the Norwood 
water pollution control plant. It is likely that the water 
quality station has been within the mixing zone of the water 
pollution control plant discharge since its construction in 
ig?**. At this station, conductivity follows generally a 
downward pattern. This may relate to changing land use on a 
small tributary immediately upstream of station 66. One of 
these changes may relate to a highway patrol yard that was 
used for salt storage. This yard has since been moved to 
anothe"" location and this may have resulted in the reduction 
in conductivity. 

Conductivity, another non-reactive constituent, was included 
in the analyses on the premise that municipal or industrial 
development within the basin might generate an increase in 
dissolved materials with I'he possibility of an associated 
upward trend in conductivity. There is little evidence that 
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this has occurred. Any general increase, if existent, was not 
detected. Conductivity levels at station 25 appear to have 
increased in the last two years. The cause is unknown. For 
lack of other possibilities, road salting may be suspected, 
but chloride concentrations have not increased in the same 
manner as conductivity. 

At stations located closest to the outlet of the Trent basin, 
all five of the considered parameters have shown a downward 
tendency. Unfortunately, station 1 (grab sample"! was replaced 
at a new location by station 68 in 1972 (composite sample V 
Both stations are within the boundaries of the Separated Town 
of Trenton and although the relocation involves only a short 
length of stream reach, station 1 was subject to some urban 
effects to which station 68 is not. It is quite likely that 
the observed changes are partially, if not completely, the 
result of the relocation. A direct comparison is not possible 
as there is no common period of record. A similar situation 
exists at the Village of Hastings. Stations M and 5 were 
sampled until the end of 1971 at which point they were 
replaced by station 67. Stations H and 5 were not 
re-established at the same location until the end of 1975. As 
station 4 has been historically affected by local tannery 
discharges and since results in 1976 for stations 5 and 67 
appeared generally similar, these latter two stations were 
used for the analysis. Even though filtered reactive 
phosphate and BOD_ concentrations have apparently decreased 
at Hastings (figures 3^, 35), the discontinuity mentioned 
above should not be overlooked as a potential complicating 
factor in establishing the trend. 

In sumnary, although definitive trends could not be 
established for 56 of the 85 individual situations presented, 
general overall quality does not appear to have diminished and 
filtered reactive phosphate concentrations appear to have been 
reduced. 
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APPENDIX A 



SMOOTHING PROGRAM (SK F I LTER) - THEORY 

To better" examine long-term trends in water quality, one can 
apply a smoothing filter which removes shof^t-term var'iations 
(scatter due to high frequency cyclical events, etc.). A 
detailed description of filter theory is given by Davis (^^73^. 

Briefly, the theorv is that to obtain a "better" estimate of 

the true value of a point, adjacent points are examined. Such 

a treatment is symnetr'ic with respect to time, i.e., in 

examining a sample S , the pair of points S , and S 

^ ^ n n-1 n+1 

(the samples immediately before and after S ) are given 

equaT weight. Samples S and S are given equal 

weight but less than that of the sample pair S ,, S ,. 
^ _ n-1 n+1 

The estimate of S (the smoothed value of S ) considers 
n n 

the value of S and to a lesser degree samples further 

removed in time ff^om S . 

n 





N 




s 
n 


= 2 a(i) 
i=0 


(s _^. + s .) 
n+1 n-x 



where : 

d a (i) 



di 



lim a (i) = 



a(i) is a weighting function 

N is the number of adjacent pairs of points that are considered 
in the estimate. 
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This treatment presupposes data evenly spaced with respect to 
the independent variable - time. In most oases, data 
collection has been at irregular intervals; hence, 
modifications to this method are necessary. This difficulty 
is overcome by designing a filter which is not only a function 
of *-he sequential orde>"ing of the data points, but also of 

time. For a pair of data points (S . ,t + ^a. and 

n+i o I 

S ., t - Ab.l adjacent to the central point of 
n-i o 1 ^ ^ 

interest (S . ) (where t is time at the central 
n, t o 

point 1, they are given weightings which are inversely 
proportional to the time distance they are from the central 
point. This weighting is in addition to the weighting in the 
standard treatment. 



N 

I 
i=0 



, = S a(i) rB(t)S „ + Y(t)S . . 1 

n,t ._ 1^,1 n+i,t +Aa. '' ' n-i,t -Ab.-' 



where BCt) = 1 ; Y(t) = 1 



Aa. Ab. 

1 3 



also, when i=0, Aa.=Ab.=0, but Bffiz Y(t^ = 1 

11 



A log transform of the "^aw data was taken prior to application 
of the smoothing calculation. 
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APPENDIX B 



FIGURES INDICATING SPATIAL 
VARIATIONS OF PARAMETERS 
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REGIONAL MUNICIPALITY OF DURHAM 



FIGURE 1 SPATIAL 


VARIATION 


» » 


O 19 20 Km 


Chloride (Geo. 


Mean) mg/l 






(1974-76) 














Mean 


Max (Stn.) 


Min. (Stn.) 


-^ Group 1 




19.6 


38.8 (80) 


13.4 (40) 


A Group 2 




9.7 


11.1 (42) 


8.2 (11) 


M Group 3 




5.7 


6.9 (46) 


5.0 (69) 


Q "roup 4 




4.2 


4.9 (13) 


3.4 (23) 


A Croup 3 




2.8 


3.1 (54) 


2.4 (79) 


Q Group 6 




1.6 


1.8 (52) 


1.4 (44) 
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REGlOriAL MUNICIPALITY QF DURHAM 



FIGURE 2 SPATIAL VARIATION 
BOD (Geo. Mean) mg/1 
(1974-76) 

Mean 



3 OS O li 20 Kll 



§ 



Group 1 
Group 2 
Group 3 



2.2 
1.2 
0.8 



Max (Stn.) 

2.9 (41) 
1.5 ( 2) 
1.0 (66) 



Min. (Stn.) 

1.8 (67) 
1.0 ( 6) 
0.5 (44) 
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RCCHMAL MUNICIPALITY OF OUftHAM 



FIGURE 3 SPATIAL VARIATION 
Total P (Geo. Mean) mg/l 
(1974-76) 



9 OS O IS 20 KIK 





Mean 


Max (Stn.) 


Min. (Stn.) 


Group 1 


0.068 


0.088 (41) 


0.055 (38) 


Group 2 


0.037 


0.053 (40) 


0.029 (80) 


Group 3 


0.024 


0.029 ( 8) 


0.019 (65) 


Group 4 


0.015 


0.019 (13) 


0.013 (76) 


Group 5 


0.009 


0.012 (25) 


0.006 (35) 
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HCGtONAL MUNICIMUTT Of DURHAM 



FIGURE 4 SPATIAL VARIATION 
Nitrate (Geo. Mean) mg/1 
1974-76 



5 » O <9 to HiB 



\ 





Mean 


Max (Stn.) 


Min. (Stn.) 


Group 1 


0.635 


0.635 (71) 


0.635 (71) 


Group 2 


0.392 


0.414 (69) 


0.371 (66) 


Group 3 


0.155 


0.237 (47) 


0.094 (11) 


Group 4 


0.040 


0.075 ( 8) 


0.017 (57) 
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REGIONAL MUNICtn&LITY QF DURHAM 



FIGURE 5 SPATIAL VARIATION 
Kjeldahl N (Geo. Mean) mg/1 
(1974-76) 



9 10 I& 20 Kn 





Mean 


Max (Stn.) 


Min, (Stn.) 


Group 1 


1.30 


1.61 (41) 


1.06 (42) 


Group 2 


0.74 


0.79 (38) 


0.70 (67) 


Group 3 


0.55 


0.69 ( 5) 


0.49 (16) 


Group 4 


0.42 


0.48 (65) 


0.38 (75) 


Group 5 


0.32 


0.34 (52) 


0.29 (25) 


Group 6 


0.23 


0.28 (37) 


0.18 (35) 
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NCOIONM. MlMtCIPMLITT OF DUftHAM 



FIGURE 6 SPATIAL VARIATION > •» » «»' '» *« ■- 

Total Coliforn (Geo. Mean) MF counts/lOO ml 

(1974-76) 

Mean Max (Stn.) Min. (Stn.) 



i 



Group 1 


1540 


2190 ( 8) 


757 (38) 


Group 2 


349 


615 (69) 


207 ( 6) 


Group 3 


71 


126 (30) 


38 (43) 


Croup 4 


10 


35 (37) 


6 (32) 
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nCGiOAlAL MUNI CI PALI TV OF DURHAM 



S i2 NHttt 



FIGURE 7 SPATIAL VARIATION ' ° * o .» jo «« 

Fecal Colifora (Geo. Mean) MP counts/100 ml 

(1974-76) 

Mean Max (Scn.) Min. (Stn.) 



Group 1 


405 


405 ( 8) 


405 ( 8) 


Group 2 


107 


107 (38) 


107 (38) 


Group 3 


40 


60 (71) 


26 (11) 


Group 4 


9 


17 (68) 


5 (54) 


Group 5 


3 


4 (74) 


I (33) 
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REGIONAL MUNICIPALITY OF CXJRHAM 



FIGURE 8 SPATIAL VARIATION i o~s o .s7c. ». 

Enterococci (Geo. Mean) MF counts/100 ml 

(197A-1976) 

Mean Max (Stn.) Min. (Stn.) 



1 



Group 1 


95 


115 (38) 


74 (71) 


Group 2 


23 


50 ( 8) 


15 ( 6) 


Group 3 


6 


13 (68) 


4 (18) 


Group 4 


2 


3 (16) 


1 (36) 
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NEGKMAL MUNICIRftLITY Of CXjnHAM 



FIGURE 9 SPATIAL VARIATION 

pH (Geo. Mean) pH Units (at the lab) 

(1969-71) 

Mean Max (Stn.) 



3 % O li 20 Ka 
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RCGIONAt. MUNICIMLITY Of DURHAM 



FIGURE 10 SPATIAL VARIATION 
Alkalinity (Arith. Mean) mg/l CaCO. 
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NECKWAL MUNICIPKLITV OF DURHAM 



FIGURE 11 SPATIAL VARIATION 
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FIGURE 12 SPATIAL VARIATION 
Total Solids (Geo. Mean) mg/1 
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APPENDIX C 



FIGURES INDICATING COMPARISONS OF 

SELECTED PARAMETERS TO PERMISSIBLE 

CRITERIA OR REFERENCE LEVELS 
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FIGURE 13: Comparison of Total Body Contact Recreation Parameters 
to Permissible Criteria; on the Main Stem, 1974-76 . 
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FIGURE 13a: Comparison of Total Body Contact Recreation Parameters 
to Permissible Criteria; on the Main Stem, 1974-76. 
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FIGURE 14: Comparison of Total Body Contact Recreation Parameters 
to Permissible Criteria; in Tributary Streams, 1974-76. 
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FIGURE 14a: Comparison of Total Body Contact Recreation Parameters 
to Permissible Criteria; in Tributary Streams, 1974-76. 
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FIGURE 15: Comparison of Public Surface Water Supply Parameters 
to Permissible Criteria; on the Main Stem, 1974-76 . 
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FIGURE 15a: Comparison of Public Surface Water Supply Parameters 
to Permissible Criteria, on the Main Stem, 1974-76. 
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FIGURE 16: Comparison of Public Surface Water Supply Parameters 

to Permissible Criteria; in Tributary Streams, 1974-76 
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FIGURE 16a: Comparison of Public Surface Water Supply Parameters 
to Permissible Criteria; in Tributary Streams, 1974-76 



51 



LEGEND 



.. c ,„ 36-StotJoo 


> Q 100 






S- - 






°-^ % 




c 


E e - 

V 


k. 


5* o. c -p 


•"• " c » 


o o— E o 


^ ^ c Ok 

9 ° 1 • * 


IB CD « — 1- 


- -i: <« • 


S •<« £ £ 


o o >- c c 


£ -p > i J 


*2' i «= 

5-B s 9 


c CO * ^ 


S Si? i-'H 


o o ■? ^ ^ 


^ ^Si O i> 


.2 .? S 1 £ 




ReOONAL MUNICIPALITY Of DURHAM 



5 10 ij 20 Kn 



FIGURE 17: Comparison of Parameters for the Protection of Fish 

and Other Aquatic Life to Permissible Criteria; on the 
Main Stem, 1974-76. 
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FIGURE 17a: Comparison of Parameters for the Protection of Fish 
and Other Aquatic Life to Permissible Criteria; on 
the Main Stem, 1974-76 . 
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FIGURE 18: Comparison of Parameters for the Protection of Fish 
and Other Aquatic Life to Permissible Criteria; in 
Tributary Streams, 1974-76. 
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FIGURE 18a: Comparison of Parameters for the Protection of Fish 
and Other Aquatic Life to Permissible Criteria; in 
Tributary Streams, 1974-76. 55 



lOOr 



LEGEND 

16-Stotion number 




REGIONAL WUNICtPAUTY OF DURHAM 



5 "> 10 15 20 Km 



FIGURE 19: 



Comparison of BOD5 and Total Phosphorus Parameters to 
Reference Levels; on the Main Stem, 1974-76 . 
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FIGURE 20: 



Comparison of BOD5 and Total Phosphorus Parameters to 
Reference Levels; in Tributary Streams, 1974-76 . 
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APPENDIX D 



FIGURES IIOICATING TEMPORAL TRENDS 
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